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ABSTRACT

This paper provides the results from two series of tests intended to contribute to an
increased understanding of airbag induced eye injuries. In the first series of tests, airbags were
deployed onto an instrumented dummy head. Seven force transducers, each having a 2.25 cm’
contact area, were placed on one aspect of the orbital region to evaluate the force patterns. Seven
different types of airbags were used that included tethered and nontethered, light to heavy nylon
weaves, and different coating types. The average maximum forces per sensor range from 15.4 N
to 63.6 N, peak pressures range from 68 kPa to 282 kPa, with the upper center of the eye
presenting the highest values. The second set of testing involved the deployment of several types
of airbags onto thirteen unembalmed, previously frozen cadaver heads. Eyeglasses were placed
on four of the test specimens. High speed video and film were used to capture the events, while
ultrasound imaging, fluorescein dye testing, and dissection were the methods used to evaluate the
induced injuries. The impact velocities of the airbags were recorded at the first contact location
with the eye. The presence of eyeglasses seemed to provide protection because of the lack of
contact between the airbag and the ocular region. Minimal ocular damage was recorded for these
experiments.
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INTRODUCTION

While it has been statistically shown that airbags save lives, the current design of the
airbag system should be improved to minimize the minor injuries associated with its deployment
(1-2). Airbag induced eye injuries. although uncommon, present a concern due to their potential
for serious and permanent damage. Partial and even total blindness have been recorded in some
cases (3-4).

Airbag induced eye injuries may be divided into two categories. The first stems from the
mechanical aspects of the deploying airbag and includes such injuries as abrasions. vitreous
hemorrhages, hyphemas, and retinal tears and detachment (5-13). Three mechanisms have been
used to describe these injuries as forms of blunt ocular trauma: coup, contrecoup, and equatorial
expansion (14). Coup injury is caused by direct impact that produces localized damage. while
contrecoup injury occurs at tissue interfaces along the line of applied force and not necessarily in
the direct vicinity of the impact. Equatorial expansion, which is widely accepted as the primary
causal mechanism for retinal detachments, involves the globe compressing along the anterior-
posterior axis while it expands along the perpendicular equator of this axis. As the equator of the
globe expands, the retina is pulled away by a tensile force created by the fact that the inside of the
eve cxpands slower than the outside. Corneal endothelial cell loss as a result of eveball
deformation during impact is also included in this category. In experimental tests, increased
corneal endothelial cell loss has been correlated with increased airbag inflator power (15).

Individuals may be predisposed to airbag-induced eye injuries. For example. radial
keratotomy. which is the technique of making small incisions in the surface of the cornea to
improve sight, has been shown to decrease the strength of the cornea in rabbits by 50% over a 90
day period after surgery (16).

The second category of airbag induced eye injuries is alkaline chemical keratitis. or
inflammation of the cornea, which is caused by the deposition into the eye of sodium hydroxide.
In a humid environment the burning of sodium azide will produce a small amount of the very
alkaline substance, sodium hydroxide. Alkaline materials are well known for their ability to
produce eye injuries. and several cases have been reported as a result of deployed airbags (17-
19). If detected in the early stages, this injury can be treated by flushing the eye with copious
amounts of water (20).

This paper aims at better understanding the first group of injuries by examining the
interaction between a deploying airbag and the eye. Two sets of experiments were performed to
provide new data on this topic: airbag deployments onto an instrumented dummy head. and
airbag deployments onto unembalmed and previously frozen cadaver heads.

ANATOMY - A brief review of the relevant anatomy is presented in Figure 1. The
cornea is the clear membrane that makes up the anterior 1/6 of the sclera. It is comprised of five
layers: epithelium (anterior layer), Bowman's membrane. substantia propria corneae. Descemets’
membrane. and the endothelium (posterior layer). The endothelial cells area extremely important
in that they keep the cornea clear. The posterior layer of the cornea consists of a single layer of
these cells. Moreover, since they exhibit no mitotic activity, once they are dead they are not
replaced and maintaining corneal clarity becomes difficult. The anterior chamber is filled with a
watery fluid that is filtered and replaced hourly. The shape of the lens is controlled by the ciliary
muscle in order to properly focus light on the retina. The vitreous humor. a jello-like substance
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Figure 1: Important Ocular Structures
(A=anterior chamber. B=ciliary body. C=cornea. D=choroid. I=iris. L=lens.
N=optic nerve, O=conjunctiva, P=pupil, R=retina, S=sclera, V=vitreous humor)

that does not change, comprises the large volume in the center of the eye. The posterior 5/6 of
the outside of the eye consists of a three layered membrane. The sclera is the outside layer which
forms into the cornea anteriorly. The middle layer is the choroid, which becomes the ciliary body
and iris anteriorly, and is responsible for providing the blood supply to the retina. The retina. the
delicate innermost layer, 1s the light transducing portion of the eye.

Yamada (1970) details the biomechanical properties of the human cornea and sclera (21).
He states that the ultimate tensile strength for the cornea is 3.4 MPa and shows no difference
between infants and adults as well as between the sexes. The ultimate tensile strength of the
sclera, which is dependent on direction. is 7.55 MPa in the equatorial direction and 4.7 MPa in
the meridional direction. After approximately 20 years of age. the strength of the sclera shows
no change.

EYE INJURY CASE STUDIES - The NASS database was searched for the years 1993
through 1995 for all eye injuries. The AIS ranking for eye injuries is outlined in Table 1. It
should be noted that the low AIS 2 rating of eye enucleation is due to the emphasis this scale
places on threat to life, and although total eye loss is debilitating, it is not life threatening. From
the NASS database Figure 2 reveals the unweighted total number of people with an airbag-
induced eye injury for the past 3 years, as well as the total number of recorded eye injuries from
airbags recorded in these cases. As expected, the number increases each year. Theses cases are
compiled from a sample of approximately 4500 cases investigated each year. For the time period
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examined, it is estimated that only 20% of the automobiles in use have airbags; however, by the
year 2000, it is expected that over 50% of the fleet will be equipped with at least driver-side
airbags. A fact that would indicate a further increase in the rate of eye injuries from airbags.

Table 1: AIS Values for Eye Injuries

AIS Value Injury
2 Eye enucleation;
Retinal Detachment;
Sclera Rupture/Laceration Involving Globe
1 All Others (i.e. Corneal Abrasion, Hyphema,
Conjunctiva Injury)
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Figure 2: Unweighted Number of People with Airbag-Induced Eye Injuries and the Total
Number of Reported Eye Injuries (NASS Files for 1993-1995)

INSTRUMENTED DUMMY HEAD TESTING

EXPERIMENTAL DESIGN - An instrumented Hybrid 1II dummy head, with the vinyl
cover removed, was hit with seven different types of airbags from a pneumatic deployment
system. Seven individual force transducers (piezo resistance, 245 N maximum, 0-1 Hz,
NipponDenso) were used on the right ocular region and labeled as shown in Figure 3. Each
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sensor had a contact area of 2.25 em”. Only one side of the dummy head was used given the
assumed symmetry of the deployment. Each signal was controlled by an individual amplifier and
recorded on an eight channel digital tape player. The eighth channel was used to record the
airbag’s internal pressure from @ pressure transducer located on the airbag side of the manifold
An apparatus with six degrees of freedom (X,Y.Z, and 3 rotations) was designed to mount the
head in the proper position. This allowed for any modification to the positioning. For these
tests, the center of the eye was positioned 12.5 em anbove and 15.0 ¢m awav from the center of
the airbag as detailed in Figure 4. Preliminary experiments revealed this location 1o be that of the
highest velotity for the deployment system. The head was rigidly mounted to a cart which
possessed four wheels that were free o roll on two rails. This allowed the head and cart system
to roll away from the airbag after impact.
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Figure 3: Front View of the Instrumented Dummy Head Showing the Force Transducers
Locations and Labeling Pattern

The airbags were deploved via a pressure vessel system. A piston is used for the valve
which controls the deployments by a remote set of solenoids and relays. The air pressure in the
tank is provided by an air compressor that has a maximum pressure of 0.96 MPa. It is capable of
deploying airbags at approximately 60 m/s, which is just below the industry average of 64.5 mi's
@z2),
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Figure 4: Mounting Position for the Instrumented Dummy Head Relative to the Deployment
Bystem

l'able 2 details how each airbag tvpe varied for both the instrumented dummy head and
cadaver tests, which differed in the material, coating, presence of a tether. and folding patiern.
lhree separate bags of types 1, 2,4, 5, 6, and 7, as well as nine bags of type 3 were used [or the
instrumented dummy head tests giving a total of 27 deployments. Types 3B, 4B. and 5B were
used for the cadaver tests as detailed later. The matenial types and coatings represent proprietary
data and are labeled to protect this information.

Table 2: Airbag Construction Specifications

Airbag | Material | Coating | Tether/ Folding
Type Type Type Non- Pattern
tether
1 A A N Moaoditied Accordion
2 B B N Mauodified Accordion
3 B B T Modified Accordion
iB B B N Accordion
4 B none N Maodified Accordion
4B B nong N Accordion
5 B nong T Modified Accordion
5B B nonge T Accordion
i C none N Modified Accordion
. | D none N Modified Aceordion

RESULTS - The maximum force at each sensor was recorded along with the airbag’s
maximum internal pressure as noted in Table 3 (located in the Appendix). All recorded data
presented is unfiltered. Tests | - 21 were run at full pressure while tests 22 - 24 were run at o
lower pressure in order to provide a comparison. The maximum force values at each sensor for



the full pressure deployments were averaged and are shown in Figure 5. From this chart it can be
seen that R2 (upper center of the eye) experiences the highest average force of 63.6 N with RS
(center of the eye) recording the lowest average value of 15.4 N. Given the contact area of 2.25
cm? per gauge, the minimum and maximum pressures were 68 kPa and 282 kPa respectively.
Using the standard t-test (p=0.05), all comparisons, either greater than or less than, of these
average values are statistically significant except for R4 vs. R6, and R1 vs. R8. This distribution
seems inherently predictable given that the anatomical structure of the orbital region is intended
to absorb impact and protect the eye. Furthermore, the dummy head modeled this anatomical
configuration with slightly recessed ocular regions.

39 64 48
(14) (24) (13)

19 15 20

(6) (5) (8)

nr* 32 nr
(5)

Figure 5: Average Maximum Force in Newtons by Sensor for Full Pressure Deployments of the
Right Side, Standard Deviation in Parentheses. (*nr = not recorded)

The difference between tethered airbags and nontethered airbags were examined using the
resulting forces. Airbags 3 and 5 had tethers while 1, 2, 4, 6, and 7 did not. Figure 6 depicts the
average maximum force per sensor for the tethered bags compared to the average maximum
force per sensor from the nontethered airbags. A statistical comparison of these averages failed
to reject the null hypothesis (p=0.05), and therefore shows no significant difference among the
recorded forces for tethered versus nontethered airbags. Given the fixed distance of 15 em
between the sensors and the airbag, this similarity in the forces seems appropriate. At this
location the effects of the tethering device are not yet noticeable. Figure 6 also reaffirms the
force distribution pattern with R2 being the highest and R5 the lowest for both types of airbags.

The effect that maximum internal pressure has on the total force exerted on the ocular
sensors was examined in Figure 7. In order to better represent this effect. the total force on the
entire ocular region was computed. This was done by first averaging the maximum forces for the
three deployments of each airbag type at each sensor. Next, these averages were summed for that
airbag. Finally, the three maximum internal pressures for each airbag type were averaged and
plotted inside the total ocular force for each airbag type. It is obvious that as the maximum
internal pressure drops off in airbag types 4 and 5, the total maximum force stays consistent.
Other factors enter into this analysis such as the presence of a coating in airbags 1. 2. and 3.
which most likely accounts for the higher internal pressures.
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Figure 6: Average Maximum Forces per Sensor for Tethered Versus Nontethered Airbags.
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Figure 7: Sum of the Average Maximum Ocular Forces Per Airbag Compared to the Average
Maximum Internal Pressure for Full Pressure Deployments

CADAVERIC HEAD TESTING

EXPERIMENTAL DESIGN - Thirteen unembalmed, previously frozen human cadaver
heads were impacted with airbags using the deployment system. The testing conditions, as well
as the results, are detailed in Table 4. Each test was run with the pressure vessel of the
deployment system pressurized to its maximum 0.96 MPa. Since many drivers require
eyeglasses, the last four tests were given the special condition of wearing eyeglasses.
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Examination Techniques - For biomechanical testing with human cadaver tissue, a critical
component is the determination of damage by post-test analyses. Due to the nature of post-
mortem tissue, the human cadaver eye presents a particularly difficult area in which to assess
trauma. Initial indications of ocular injury in the living almost always manitfest as a functional
deficit. Such deficits are basically impossible to detect in cadaveric specimens for a number of
reasons. Therefore, researchers must carefully note pre-test and post-test anatomy in order to
determine damage resulting from a particular biomechanical test.

Surface abrasions and lacerations of the cornea may be made more obvious by the use of
a fluorescein dye. This orange dye binds to ulcerated, or excavated, areas of the cornea or sclera.
In the presence of cobalt blue light, the damaged areas shine yellow-green. Also, an ophthalmic
ultrasound device can be used to evaluate the cadaver eyes. It is very inexpensive (about the
same order as X-rays) and the machines are portable. A clear advantage of ultrasound is the fact
that images are produced in real time and thus the examination is dynamic. The probe can be
manipulated to literally search an area for problems. The basic principle behind ultrasonography
is simple sound mechanics. Sound waves are pulsed into an area and the echoes are received and
modified. The frequency used for orbital examination is generally 8-10 MHz, while abdomeno-
pelvic examinations for fetal development and the like are performed at 1-5 MHz (lower
frequency produces longer wavelengths and thus deeper penetration). Ultrasound can be
recorded in one dimensional A-mode or two dimensional scanning B-mode. Although the image
is much less distinct than that of an MRI, the posterior portions of the eyeball can be examined
rather thoroughly. A detached retina is easily diagnosed with a B-mode ultrasound scan.

Procedure - The first head had an intact brain, whereas the brains in tests 2 through 13
had been removed. Five hours were needed before each test to thaw the head completely. Once
thawed. the eyelids were removed from the specimens to ensure maximum exposure during
testing. This removal process also eliminated the need to fix the eyelids in an open position. In
order to solve the problem of low intraocular pressure that is present in postmortem eyes, a 30
gauge needle was used to inject approximately 5 ml of saline into the vitreous until the cornea
regained its natural shape. The heads were then put through a series of tests to provide initial
data on the eyes before impacting them with the airbag. First, an ophthalmic ultrasound was used
to examine the eyes for detached retinas and other abnormalities. The ultrasound image for each
eye was recorded with a Polaroid camera. For comparison, several images were taken of healthy
live eyes. The last pre-test data included a fluorescein test of both eyes to look for corneal
abrasions that may be present before actual airbag impact.

After the initial screening was done, the head was mounted on the cart system at the
indicated height (12.5 cm) and distance (15.0 cm) from the center of the airbag. Tests 1 through
9 were mounted as shown in Figure 8, and the experiments with glasses were mounted as seen in
Figure 9. A strap and hook system was designed and fastened over the head to keep it in place
both during and after impact. High speed film recorded the events at 3000 frames/second, while
high speed video recorded them at 2000 frames/second.
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Figure 9: Mounting Configuration for Tests 10 - |3 With Eveglasses

After each test, ultrasound images were recorded for each eve as well as fluorescein strip
test data. The final procedure was to remove both eves and preserve them for storage using a
0% Formalin solution. Subsequently, they were transported to an ophthalmic pathologist for
dissection and examination for abnormalities that may have been related 1o the 1mpact

RESULTS - The results for the cadaver tests are shown in Tahle 4 (located in the
Appendix). The impact velocity was taken at the eye from the digitized film. They ranged from
the low of 30 nv's to the high of 66 m/s, with the low veloeity being the only 1est with a velociny
below 43 m/s. These veloaties are below the average maximum leading edge velocity lor the
industry, but fast enough to provide valid data.

The fluorescein tests revealed damage to the cornea belore the deployment with no
significant change after impact. This gave the appearance of injury, but was actually due o the
fluorescein reacting with the dead cells, The ultrasound images revealed similar results, Figure
10 explains the ultrasound image of a healthy normal eye, while Figure 11 shows one of the
cadaver eyes hefore impact with the airbag. Note the “lack” of matenal in Figure 10. or the
healthy eye; however, in the cadaver eye of Figure 11, it 18 obvious by the white material in the
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eye thut the retina has detached due 10 postmortem tissue decay, In fact, all thifteen of the heads
used contained eyes that contained detached retinas, Figure 12 shows the same eye as in Figure
11 after aithag impact. From these experiments it can be determined that the retina detaches
from the sclera after death. Tests 5, 8, and 10 involved cadaver skin that had decomposed
enough to render the outer layer of skin casily separable from the face. In these cases the arrbag
caused the appearance of inducing un abrasion, but it was due to the dead skin being “brushed™
|_l‘ﬂ-.

Posterior orbit lined with an
intact retina

Posterior side of lens

Fatty nissue and museles
supporting the orbil

A-mode signal

Vitreous homion -
{B-mode 15 entire 21D picture)

Figure 10: Both A-mode and B-mode Ulttasound Image of Normal Eve
with Descriptions of Relevant Anatomy

Figure 11: Ultrasound Image o Figure 12; Ultrasound Image of
Test 7 Right Eve Before Impact Test 7 Right Eye Alter Impact

The experiments involving eveglasses revealed severdl observations, First, as with the
other cases, no injury was noted in any of the four cases involving eveglasses, Secondly, in test
11 the right lens of the eveglasses separated from the frames and remained directly over the right
eye during impact appeaning to “protect” the eve. Test 13 involved common sunglasses that were
labeled “impact resistant” in the advertising literature. In this test both lenses separated from the
frames. and the frames themselves fractured during the impact, but again no injury was recorded

The dissection of the eves confirmed the postmortem detached retinus Additionally.
subluxed lenses, i.e. the lens was displaced from its normal position, were seen in all of the eves
tested, However, this displacement was also viewed as a result of postmortem tissue decay. All
of the data suggests no recordable injury from the airbag impacts.
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CONCLUSIONS

The combination of cadaver head testing with the instrumented dummy head testing
provided many insights into airbag induced eye injuries. The average maximum forces per
sensor range from 154 N to 63.6 N, with the peak pressures ranging from 68 kPun 1o 282 kPa.
These values are below 3.4 MPa, the lowest ultimate tensile strength Yamada suggests for any
ocular tissue, and correspond to the lack of injury recorded in the cadaver tests. The total force
for this configuration is independent of airbag material, coating, or presence of a tether. The fact
that the forces are approximately the same is most likely due to the small separation distance of
only 15 cm for these tests. Within this distance, both tethered and nontethered airbags will
appedr the same; however, the tether's advantage is in its shorter deployment distance which 15
more noticeable at full deployment. For this reason airbags with tethers are recommended.

The upper center of the ocular region consistently recorded the highest force values while
the center of the region recorded the lowest. Again, this is a logical and protective result of the
recessed eye,

It 1% still unclear exactly what factor eyeglasses play in airbag induced eve njuries, While
several case reports indicate injury from broken glasses, tests 10, 11, 12, and 13 for the cadaver
heads yielded no injury. In fact, it appears as if the proper “safety eyeglasses.” or specially
designed glasses that meet impact standards, may be helpful in protecting the eye. Asin test 1.
the “safety eveglasses” remained intact and essentially shielded the eye from the airbag.

With a maximum impact velocity of 66 mi/s, there were no recordable injuries. [his
implies thal eye injuries occur as a result of airbag impact at higher velocities, but it should be
noted that the lack of injury may be due in part to the problematic cadaver tissue.

As with any new experimental procedure, much also was learned about the new
technique, and in this study it was the use of human cadaver eyes as a test specimen for airbag
impact. Cadaver eves do provide an accurate structural model in that it is an anatomically correct
model of the eve and orbit; however, the tissue response of cadaveric tissue is quite problematic
First. all physiologic analyses of injury are basically uscless in cadaveric tissue. Most of the
basic ocular examination techniques involve determination of the functional integrity of the
visual system. Visual acuity, astigmatism, clarity, visual field and depth of field perception.
color perception, pupillary response, and extraocular muscle function simply cannot be
determined in dead tissue. Also, the specimen has no blood pressure and therefore bleeding or
hemorrhaging is not likely to oceur, Although the pressurization of the thoracic regions of
cadavers can be effective, this procedure would be ineffective in the eye given the eye’s minule
vasculature. Shortly after death, the cornea, lens and intraocular fluids (vitreous and aqueous
humaors) begin to cloud. This renders gross observational, ophthalmoscopic. and slit lamp
examinations unproductive in cadaver eves.

Provided normal intraocular pressure can be re-established. external ocular structures can
he studied with reasonable confidence. Orbital fracture thresholds for cadavers are likely to be
very similar to those of the living. Provided the decomposition is not advanced, a saline or
glycerin injected cadaver eyeball is a relatively good model with which to study corneal and
scleral abrasions and lacerations. Clearly, the retina is too fragile to be of value in cadaveric
studies as it detaches spontancously some time shortly after death. A problem that may only be
avoided by testing tissue samples from animals extremely close to the time of death.
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Table 3: Configuration and Results for Each Instrumented Dummy Head Test

APPENDIX

Maximum Maximum Force (Newtons)
Test | Air Bag Internal Sensor Location
#) Type Pressure (KPa) R1 R2 R3 R4 RS Ré6 RS
! 1 126.1 33.5 46.1 43.7 21.5 19.5 37.1 31.5
2 1 134.1 43.2 58.5 29.6 27.1 249 29.9 37.6
3 1 129.2 29.2 49.6 45.9 17.9 12.2 28.7 34.4
4 2 120.5 46.7 54.5 45.1 25.8 14.2 17.4 30.0
5 2 121.9 47.6 54.0 394 14.9 14.9 20.6 31.1
6 2 116.4 44.6 54.0 53.1 294 29.6 37.9 31.8
7 3 110.7 31.2 35.7 294 14.7 14.3 29.2 40.1
8 3 114.2 84.7 75.8 S1.5 31.9 12.3 9.6 40.6
9 3 111.4 28.5 61.2 46.5 11.6 19.9 18.8 28.7
10 4 121.5 383 73.3 49.8 17.2 9.6 13.4 352
11 4 93.3 35.9 97.2 65.2 17.9 18.5 18.7 313
12 4 90.6 37.6 34.6 40.4 19.3 11.6 14.5 21.9
13 S 92.2 18.0 50.9 43.4 10.8 12.9 16.5 26.3
14 5 922 nr* nr nr nr nr nr nr
15 5 90.4 37.0 115.4 78.6 15.9 9.4 10.0 33.1
16 6 92.6 38.3 76.1 442 18.6 15.4 10.6 36.0
17 6 87.3 20.3 51.2 33.1 10.0 7.8 13.9 255
18 6 nr nr nr nr nr nr nr nr
19 7 118.1 46.0 120.1 78.7 17.8 15.0 19.1 36.1
20 7 115.4 324 41.2 493 214 19.7 19.9 31.7
2] 7 118.3 48.2 58.8 39.8 20.0 11.3 19.9 312
22 3 422 14.4 35.4 25.6 9.2 33 5.1 13.1
23 3 45.1 14.9 38.2 28.0 10.4 8.2 16.5 12.5
24 3 44.1 nr nr nr nr nr nr nr
25 3 119.1 304 89.4 14.2 14.5 14.2 18.1 31.2
éé 3 118.9 44.7 87.1 57.8 23.5 17.6 19.6 35.6
27 3 117.5 38.2 104 .4 67.9 14.0 10.0 273 32.0

* Data not recorded for this test
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DISCUSSION
PAPER: An Experimental Study of Airbag Induced Eye Injuries

PRESENTER: Stefan Duma, University of Virginia

QUESTION: Larry Schneider, UMTRI
As I understand it, you didn’t see any corneal abrasions. Is that correct?

ANSWER: Correct.
Q: And your distance was about six inches or so, 150 millimeters.
A: Correct.

Q: We did some research on skin abrasions and we found that the injury event from the airbag
was actually a very small part of the airbag fabric unfolding and contacting the skin of the
individual at a particular point in time. I just wonder if this isn’t such a low probability event
that’s related to one small part of the airbag contacting the eye to cause that abrasion, that you're
just not going to see it very often in these kinds of experiments. It’s a function of the fold and it’s
a function of the distance and all those parameters that go into that probability.

A: Well, that’s certainly a possibility. The reason we specified that distance is from some of the
research that was published, we wanted to look at the maximum velocity that we could attain with

this system and that’s why that distance was specified but there are a lot of factors that go into it.
So, you’re correct.

Q: Guy Nusholtz, Chrysler Corporation
I have one question. You had your velocity at 66 meters per second and most airbags, 1
assume this is driver, most airbags get faster than that.

A: Correct.

Q: How were you measuring the velocity and was this the velocity at contact or was it the actual
maximum velocity?

A: Great question. This velocity was the velocity at contact. The film was digitized and
advanced and the final step before eye impact was where we got these velocities from.

Q: What framing rate were you using?

A: We had two. We had video at 1,000 frames per second and we had high speed film at 3,000
frames a second.
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Q: 3,000 might be a little low.
A: That was our limits.

Q: Thank you.

124



